This research used classification tree analysis and logistic regression models to identify risk factors related to short-and long-term abstinence. Baseline and cessation outcome data from two smoking cessation trials, conducted from 2001 to 2002 in two Midwestern urban areas, were analyzed. There were 928 participants (53.1% women, 81.8% White) with complete data. Both analyses suggest that relapse risk is produced by interactions of risk factors and that early and late cessation outcomes reflect different vulnerability factors. The results illustrate the dynamic nature of relapse risk and suggest the importance of efficient modeling of interactions in relapse prediction.
INTRODUCTION
Relapse or cessation failure is the modal outcome of smoking cessation attempts (Fiore et al., 2008 (Perkins, 2001; Wetter et al., 1999) ; living with a smoker (Derby, Lasater, Vass, Gonzalez, & Carleton, 1994; Garvey et al., 2000; Homish & Leonard, 2005; Osler & Prescott, 1998) ; smokers in the environment (Lu, Tong, & Oldenburg, 2001; Mermelstein, Cohen, Lichtenstein, Baer, & Kamarck, 1986; Morgan, Ashenberg, & Fisher, 1988) ; tobacco dependence (Alterman, Gariti, Cook, & Cnaan, 1999; Campbell, Prescott, & Tjeder-Burton, 1996; Harris et al., 2004; Hurt et al., 2002; Killen, Fortmann, Kraemer, Varady, & Newman, 1992; Patten, Martin, Calfas, Lento, & Wolter, 2001; Westman, Behm, Simel, & Rose, 1997 ; see also Fagerström & Schneider, 1989) ; length of abstinence in previous quit attempts (Garvey, Bliss, Hitchcock, Heinold, & Rosner, 1992; Ockene et al., 2000) ; alcohol consumption (Garvey et al., 1992; Hyland et al., 2004; McClure, Wetter, de Moor, Cinciripini, & Gritz, 2002; McKee, Maciejewski, Falba, & Mazure, 2003) ; age (Harris et al., 2004; Hurt et al., 2002; Miller, Ratner, & Johnson, 2003; Nides et al., 1995; Osler & Prescott, 1998) ; marital status (Derby et al., 1994) ; and educational attainment/socioeconomic status (Barbeau, Krieger, & Soobader, 2004; Eisinger, 1971; Fernandez et al., 2006; Hyland et al., 2004; Hymowitz, 1997; Hymowitz, Sexton, Ockene, & Grandits, 1991; Levy, Romano, & Mumford, 2005; Miller et al., 2003; Nollen et al., 2006; Osler, Prescott, Godtfredsen, Hein, & Schnohr, 1999; Shields, 2005; Siahpush, Heller, & Singh, 2005; Wetter et al., 2005) . These studies identified a number of main effect predictors, suggesting that most predictors apply to all subjects. However, few studied interactions; so there is little information about whether the variables list above interact with one another to produce multiplicative patterns of risk or identify subgroups of smokers who might be at higher risk for relapse. (Lim, Loh, & Shih, 2000; Perlich, Provost, & Simonoff, 2003 (Miller, 2002; Zhang, 1992 Swan and his colleagues Swan, Jack, Javitz, McAfee, & McClure, 2008; Swan, Javitz, Jack, Curry, & McAfee, 2004) have written that decision tree models are now widely accepted as providing a good complement to traditional methods. Swan & colleagues (2004) were the first to use such classification trees in the field of tobacco research. They used Classification and Regression Trees (CARTs; Breiman, Friedman, Olshen, & Stone, 1984) . This supports the premise that there are predictors that are particularly relevant to subgroups of smokers and that regression analysis may not identify them. These researchers have also used CART to identify subgroups of at-risk smokers in two different treatment conditions (Swan et al., 2008) .
The majority of these studies relied on linear or logistic regression techniques to link risk factors with cessation outcome. This use of multivariate regression permits researchers to identify those variables that both individually and collectively predict outcomes across a group of smokers. With regard to a dichotomous outcome such as abstinence status, there is considerable evidence that logistic regression yields very good solutions when used as a "black box"
In addition to illustrating the different results produced by a logistic regression versus a classification approach, the CART results of Swan et al. (2004) Swan et al. (2008) A second reason to conduct additional decision tree analyses is that the research of Swan et al. (2004 Swan et al. ( , 2008 Garvey et al., 1992; Hurt et al., 2002 Mermelstein et al., 1986) (Loh & Shih, 1997 (Loh, 2002, in press 
METHODS
The data presented here were collected from two randomized placebo-controlled smoking cessation trials. Trial methods are discussed in more detail in Piper et al. (2007) and . In Study 1 (N = 608: Piper et al., 2007) (Fiore, Bailey, & Cohen, 2000) . In Study 2 (N = 463: McCarthy et al., 2007) Selzer, Vinokur, & van Rooijen, 1975) , Primary Care Evaluation of Mental Disorders (PRIME-MD; Spitzer et al., 1994) , and Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) 
Fagerström Test of Nicotine Dependence
The FTND (Heatherton, Kozlowski, Frecker, & Fagerström, 1991 Heatherton et al., 1991) .
) is a 6-item scale designed to measure tobacco dependence. Each item has its own individual response scale that varies by item. Previous research indicates that it has fair internal consistency (α = .61;

Nicotine Dependence Syndrome Scale
The Nicotine Dependence Syndrome Scale (NDSS; Shiffman, Waters, & Hickcox, 2004 ) is a 19-item self-report measure, comprising five theoretically derived subscales: Drive, Priority, Tolerance, Continuity, and Stereotypy. Each item is rated on a 5-point Likert scale from 1 = "Not at all true" to 5 = "Extremely true."
Tobacco Dependence Screener
The Tobacco Dependence Screener (TDS; Kawakami, Takatsuka, Inaba, & Shimizu, 1999 Kawakami et al., 1999) .
Wisconsin Inventory of Smoking Dependence Motives
The Wisconsin Inventory of Smoking Dependence Motives (WISDM; Piper et al., 2004) (Loh, 2002 (Loh, , 2010 (Simonoff, 2003 main effects were analyzed, the AIC model had 11 predictors, 6 of which were statistically significant (see Table 4 ). (Weiss et al., 2008 (Macken, Wilder, Mersy, & Madlon-Kay, 1991) , financial and other stress (De Vogli & Santinello, 2005; McKee et al., 2003; Siahpush et al., 2005) , living with smokers or having a partner who smokes (Chandola, Head, & Bartley, 2004; Graham, Francis, Inskip, & Harman, 2006; Honjo, Tsutsumi, Kawachi, & Kawakami, 2006) , presence of smoking at work and in one's peer group, (Honjo et al., 2006) , and having a blue-collar job (Sorensen, Gupta, & Pednekar, 2005 as a mechanism of relapse, since severe mental illness is associated with lower employment status (McIntyre et al., 2008; Ridgeway & Rapp, 1998 (Piper, McCarthy, & Baker, 2006; Uhl et al., 2007) (Piasecki, Fiore, McCarthy, & Baker, 2002; Shiffman, 1993) .
Logistic Regression Analyses The results for the AIC stepwise logistic regression analyses predicting 6-month abstinence are presented in Tables 2-5. When all smokers and only main effects were included in the analysis, the AIC regression yielded 14 predictors, 7 of which were statistically significant (p < .05) and 1 of which was also included in the GUIDE model-longest previous quit attempt (see Table 2). When data from all smokers were used and main effects and all possible interactions were analyzed, the regression yielded 52 predictors: 18 main effects (8 statistically significant) and 36 interaction effects (23 statistically significant; see Table 3). Both of the GUIDE predictors, health status and longest previous quit attempt, were included in this AIC model. When the analyses were done using only those individuals who achieved initial abstinence and only
Both of the GUIDE predictors, marital status and ever felt dependent on tobacco, were included in this AIC model. When the data set was restricted to those who achieved initial abstinence and main effects and interactions were included in the model, there were 21 predictors: 12 main effects (5 statistically significant) and 9 interaction effects (4 statistically significant; see Table 5). As with the maineffects-only model, both the GUIDE predictors were included in this AIC model.
DISCUSSION
The first goal of this paper was to use a somewhat novel methodology, the GUIDE decision tree method, to provide insight into the factors that predict abstinence following a quit attempt and how these factors might interact
These results share some similarity with those reported by Swan and colleagues (2004) (Shiffman, 1993 (Perkins, 2001; Wetter et al., 1999) , tobacco dependence (Alterman et al., 1999; Campbell et al., 1996; Harris et al., 2004; Hurt et al., 2002; Killen et al., 1992; Patten et al., 2001; Westman et al., 1997) , length of abstinence in previous quit attempts (Garvey et al., 1992; Ockene et al., 2000) , marital status (Derby et al., 1994) , and educational attainment/socioeconomic status (Barbeau et al., 2004; Eisinger, 1971; Fernandez et al., 2006; Hyland et al., 2004; Hymowitz et al., 1991 Hymowitz et al., , 1997 Levy et al., 2005; Miller et al., 2003; Nollen et al., 2006; Osler et al., 1999; Shields, 2005; Siahpush et al., 2005; Wetter et al., 2005) Workgroup, 2007; Weiss et al., 2008) . While the use of pointprevalence outcome is accepted and quite common (Fiore et al., 2008) , the Society for Research on Nicotine and Tobacco workgroup recommended that prolonged abstinence be used as the primary outcome for cessation trials (Hughes et al., 2003 
